Background: Prescribed Minimum Benefit Chronic Disease List (PMB CDL) conditions are a regulated list of conditions most common to South Africa. Objectives: To investigate the prevalence and association between PMB CDL conditions and age and gender among patients with concomitant hypertension, diabetes and dyslipidaemia. Methods: The study population consisted of patients (n = 17 866) with a prescription containing at least one co-prescribed antilipemics, antihypertensive and antidiabetic (identified using the MIMS Desk Reference). ICD-10 codes on claims for PMB CDL conditions were counted. Results: 39.5% of patients had a PMB CDL condition. Women had higher odds for hypothyroidism (OR 6.30, 95% CI; 5.52, 7.19, p < 0.001) and lower odds for coronary artery disease (CAD) (OR 0.63, 95% CI; 0.55, 0.72, p < 0.001) than men. In combination with hypothyroidism the odds for CAD were reversed and strongly increased; 3.54 (95% CI; 2.38, 5.25, p < 0.001). The odds for females having cardiac failure (CF) was insignificant and low (OR 0.87, 95% CI; 0.75, 1.01, p = 0.063); however combined with hypothyroidism, the odds increased to 5.35 (95% CI; 3.52, 8.13, p < 0.001). Conclusion: Hypothyroidism was an important discriminating factor for co-morbidity in women with concomitant hypertension, diabetes and dyslipidaemia, in particular with cardiovascular disease. Keywords: Concomitant hypertension, diabetes and dyslipidaemia, South Africa, prescribed minimum benefit chronic disease list (PMB CDL) conditions. DOI: https://dx.doi.org/10.4314/ahs.v17i1.12 Cite as: Burger J, Lubbe M, Serfontein J, Ellis S. A cross-sectional analysis of the association between age and gender and prescribed minimum benefit chronic disease list conditions among South Africans with concomitant hypertension, diabetes and dyslipidaemia. Afri Health Sci. 2017;17(1): 88-98. https://dx.doi.org/10.4314/ahs.v17i1.12 
Introduction
In a commentary published in The Lancet, Salisbury 1 described the existence of multi-morbidity (defined as "several chronic disorders in one individual") as the "norm rather than the exception", citing the management of these patients as the "most important task facing health services in developed countries." Salisbury described several reasons for the importance of multi-morbidity, including an ageing population with a large number of chronic illnesses, greater longevity, and a subsequent rapidly growing need for health care services associated with an increasing financial burden.
Developing countries such as South Africa are not exempt from the effects of an aging population as shown by the United Nations population statistics.
2 Compared to the 5% for the African continent en bloc, the percentage of South Africans over the age of 60 years in 2012 was noticeably higher at 9%, displaying similar levels of aging as nations in Central America, Micronesia, Polynesia and South-Eastern Asia.
2 Based on statistics from the World Health Organization, the burden from chronic disease (mainly cardiovascular diseases, cancers, chronic respiratory diseases and diabetes) in South Africa are two to three times higher than that in developed countries. 3 The first South African National Health and Nutrition Examination Survey (SANHANES-1) 4 conducted in 2012, showed that elderly South Africans (65 years and older) in general had the highest self-reported rates for chronic conditions. At the national level, 16 .5% of all respondents indicated that they had high blood pressure, followed by diabetes (5.0%), high blood cholesterol (4.2%), heart disease (2.2%) and stroke (1.8%). Females had significantly higher self-reported rates than males; however, the rates of all chronic conditions tended to increase with age among both sexes. 4 Similar to several developed countries, [5] [6] [7] [8] [9] approximately half of elderly patients in the private health sector of South Africa suffer from more than one chronic disease, with some being diagnosed for up to eleven conditions. 10 The South African private health sector is administered largely by health insurance schemes (provided by medical schemes, i.e. medical insurance packages made up from of a group of participating members). This sector serves less than 20% of the population's needs, yet consumes more than 50% (maybe as high as 80%) of the total health care expenditure in South Africa or approximately seven times more per capita than the public sector.
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Beneficiaries 65 years old or older represent 6.5% of this population. 12 Already in 2009, the burden of chronic diseases in South Africa was noted to be on the rise resulting in a higher demand for chronic care. 13 To curb the expenditure on health care in the private sector the South African Government enacted a range of regulations, inter alia the application of a Prescribed Minimum Benefit Chronic Disease List (or PMB CDL). By definition, the PMB CDL, as a feature of the Medical Schemes Act, 131 of 1998, is a regulated compilation of 25 conditions requiring treatment for over 12 months that are most common to the country, are considered to be life-threatening, and conditions where cost-effective treatment will sustain and improve the quality of the member's life. Medical schemes are obliged to cover the costs related to the diagnosis, treatment and ongoing care of these conditions, to the extent that this is provided for by way of a therapeutic algorithm for the specified condition. [14] [15] Chronic conditions often cluster in the elderly, 16 because of common pathways. 17 The metabolic syndrome is typically characterized by the variable clustering of metabolic abnormalities or risk factors that increases a person's risk for atherosclerotic cardiovascular disease. 18 According to the American Heart Association/National Heart, Lung and Blood Institute (AHA/NHLBI) 19 , the presence of any three of five traits can constitute a diagnosis, from: (1) elevated waist circumference (≥102 cm in men and ≥88cm in women); (2) elevated triglycerides of ≥1.7 mmol/L (or on drug treatment for elevated triglycerides); (3) reduced HDL cholesterol <1.03 mmol/L in men and <1.3 mmol/L in women (or on drug treatment for reduced HDL cholesterol); (4) elevated blood pressure measured as systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg (or on antihypertensive drug treatment in a patient with a history of hypertension); and (5) elevated fasting glucose ≥5.6 mmol/L (or on drug treatment for elevated glucose). 19 The prevalence of PMB CDL conditions in South African patients with metabolic syndrome-traits is not known.
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The present study contributes to bridging the knowledge gap by aiming to investigate the prevalence of PMB CDL conditions in South African private health care patients with metabolic syndrome-traits (i.e. concomitant hypertension, diabetes and dyslipidaemia), and association between the PMB CDL conditions and age and gender among these patients.
Methods
Design, data source and study population The flow diagram of selection of eligible patients for analysis is shown in Figure 1 . A cross-sectional analysis was conducted using a database obtained from a South African Pharmaceutical Benefit Management company (PBM). The database for the period 1 January to 31 December 2008 contained pharmaceutical claims information for a total of 974 497 patients (538 254 women; 436 243 men), representing 12.4% of the total medical scheme industry across South Africa during 2008. 24 Using drug prescriptions as surrogates for disease state, we selected all patients that had a paid claim for a prescription containing one or more co-prescribed antilipidemics, antihypertensives and antidiabetics. Antilipodemics, and antidiabetics were identified using the annual MIMS Desk Reference (MDR) 25 for 2008. These claimants, were regarded as patients with concomitant hypertension, diabetes and dyslipidaemia (n = 17 866; male-to-female ratio 1.17, mean age 63.7 (SD 11.98) years) ( Figure 1 ).
We queried data fields for patient demographic information (patients' member number and dependent code, gender and date of birth), and pertinent prescription information (such as drug trade name, date of treatment and ICD-10 code per claim). The variables 'date of birth' and 'date of treatment' were used to calculate the age of patients on the day of treatment. ICD-10 codes specified for reimbursement purposes on paid prescription claims were used to identify PMB CDL conditions in the study population. Presence of PMB CDL conditions were further used to categorize metabolic syndrome patients with concomitant hypertension, diabetes and dyslipidaemia into groups, viz. those with PMB CDL conditions (one or multiple) and those without (Fig. 1) .
Identification of PMB CDL conditions
PMB CDL conditions were identified based on presence of the following ICD-10 codes on claims reimbursed from patients' PMB benefits: Addison's disease (ICD-10 code E27.1), asthma (J45, J45.8), bronchiectasis (J47, Q33.4), cardiac failure (I50, I50.0, I50.1), cardiomyopathy (I42, I42.0, I25.5), chronic obstructive pulmonary disease (J43, J44), chronic renal disease (N03, N11, N18), coronary artery disease (I20, I20.0, I25), Crohn's disease (K50, K50.8), diabetes insipidus (E23.2), dysrhythmias (I47, I47.2, I48), epilepsy (G40, G40.8), glaucoma (H40, Q15.0), hemophilia (D66, D67), hypothyroidism (E02, E03, E03.8), multiple sclerosis (G35), Parkinson's disease (G20, G21), rheumatoid arthritis (M05, M06, M08.0), schizophrenia (F20), systemic lupus erythematosus (M32, L93, L93.2) and ulcerative colitis (K51, K51.9).
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Statistical analysis
Variables were characterized using 95% confidence intervals and descriptive statistics such as proportions/ratios for categorical variables, and means and standard deviations for continuous variables. An independent two-sample t-test (assuming unequal variances) was used to assess the statistical significance of the age difference between men and women. Spearman's rank-order correlation test was performed to assess the relationship between the number of PMB CDL conditions per patient and patients' age. Cross-tabulation with chi-squared statistics was used to assess the association between the number of PMB CDL conditions per patient and patients' gender.
We further performed logistic regression analysis to assess the association between the specific PMB CDL condition and patients' gender, and calculated odds ratios (ORs) and associated 95% Wald confidence intervals (95% CI). For the univariate model, the independent variable was gender [(female (1), male (0)], with each PMB CDL condition as the dependent variable [with present (1), absent (0)]. Prevalence of chronic disease, [26] [27] [28] [29] [30] [31] [32] [33] in general, increases with age. For the adjusted model, we therefore included age as co-variate. Age-adjusted odds ratios, however, did not differ from the crude odds ratio by more than 10%.
Because statistical significance tests yielded small p-values (indicating significance) in most tests, we focused our interpretation on effect sizes which is independent of units and sample size. Cohen's d-value was used to evaluate mean differences between groups (with significance de- fined as a level of at least 0.8). Spearman's correlation coefficient was used for the strength of association between ranked variables, and Cramér's V statistics (defined as a level of at least 0.5) was used for associations between categorical variables. Odds ratios in contingency tables were interpreted using guidelines by Steyn
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,where an OR >2 was interpreted as a moderate effect, and larger than 3.64 as practically significant. Statistical analyses were performed using SAS Software, version 9.3.
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Ethical considerations
The study was conducted with the approval of the Research Ethics Committee of North-West University (Potchefstroom campus), and the board of directors of the PBM. As per confidentiality agreement with the PBM supplying the data, all identifying information about beneficiaries, medical schemes, health plans, service providers and prescribers were encrypted or removed by the PBM before data was released for analysis. Table 1 shows the basic demographic characteristics of the study population. A total of 7,050 patients with concomitant hypertension, diabetes and dyslipidaemia (39.5%) had one or more PMB CDL conditions during the study period. Women (n = 3,791) of this group of patients were on average significantly older than men (n = 3,259) at 67.58 ± 11.9 (95% CI, 67.2-68.0) and 66.74 ± 11.4 (95% CI, 66.3-67.1) years, respectively. However, Cohen's d-value showed no practical difference (d-value = 0.07). Of those with PMB CDL conditions, 5,061 (71.8%) had one condition, a further 1,626 (23.1%) had two conditions, 302 (4.3%) had three conditions, 52 (0.7%) had four conditions and a further 9 patients had the maximum of five PMB CDL conditions (average number of PMB CDL conditions per patient 1.34 ± 0.61, 95% CI; 1.33, 1.36). The most prevalent PMB CDL conditions overall were hypothyroidism, coronary artery disease and cardiac failure, experienced by 35.5%, 23.5%, and 22.6% of patients from the study population with PMB CDL conditions (n = 7,050), respectively ( Table 1 ). The relationship between the number of PMB CDL conditions per patient and patients' age was significant, however, Spearman's rank-order correlation test showed that this association was weak (rs =0.205, p < 0.001). Cross-tabulation further showed that there was no association between the number of PMB CDL conditions per patient and patients' gender (p = 0.802, Cramér's V = 0.01). Tables 2 and 3 shows the univariate and age-adjusted odds ratios for the presence of single and two co-present PMB CDL conditions among females compared with males, respectively. Women had higher odds of having hypothyroidism than men (OR, 6.30, 95% CI; 5.52, 7.19, p < 0.001) (Table 2), which was deemed practically significant. In addition, the presence of hypothyroidism conferred a significant effect on the odds of women experiencing several of the other PMB CDL conditions. For instance, the higher odds of women having rheumatoid arthritis (OR, 1.82, 95% CI; 1.01, 3.30, p = 0.047) ( Table  2) were strongly increased in co-presence of hypothyroidism (OR, 4.69, 95% CI; 1.57, 14.02, p = 0.006), and practically significant.) Furthermore, the odds of women having prevalent asthma, epilepsy, and cardiomyopathy that were near unity and not statistically significant as single PMB CDL conditions (Table 2 ), increased to be statistically and practically significant in combination with hypothyroidism (Table 3) .
Results
Elderly females furthermore had a significant 'advantage' over men against having prevalent cardiovascular conditions (ranging from 1.3 times lower odds for cardiac failure to 1.9 times lower odds for dysrhythmia than men in age-adjusted analysis) ( Table 2 ). This advantage persisted, and increased strongly in the co-presence of other cardiovascular PMB CDL conditions. For instance, the age-adjusted odds of having co-present cardiac failure and dysrhythmia, and co-present coronary artery disease and dysrhythmia were, respectively, 1.9 and 2.4 times lower in women than men from the study population (Table  3) . Percentages for PMB CDL conditions were calculated using the total number of women (n = 3 791) and men (n = 3 259) in the data subset as denominator. In combination with coronary artery disease and dysrhythmia, respectively, the age-adjusted odds for cardiomyopathy were 2.5-2.8 times lower for women than for men (Table 3) . It should be noted that this two-combined cardiovascular PMB CDL conditions were present in only 416 of the 17,866 patients from our study population (prevalence ratio (male:female) 1.7). Moreover, co-present hypothyroidism not only reversed the apparent 'advantage' afforded by being female against prevalent cardiovascular disease (e.g. cardiac failure, cardiomyopathy, coronary artery disease and dysrhythmia) ( Table  2 ), but increased the odds considerably (Table 3 ). The odds for the co-presence of hypothyroidism with cardiac failure (OR, 5.35, 95% CI; 3.52, 8.13, p < 0.001) and cardiomyopathy (OR, 4.07, 95% CI; 2.19, 7.54, p < 0.001), respectively, were deemed practically significant.
Discussion
This large cross-sectional study of medical claims data revealed that a nearly 40% of patients with concomitant hypertension, diabetes and dyslipidaemia presented with several of the other Prescribed Minimum Benefit Chronic Disease List (PMB CDL) conditions. We further found that hypothyroidism was the single most prevalent PMB CDL condition encountered by about four times more in women than men. These findings are in line with trends in international literature showing that hypothyroidism may be up to 10 times more frequent in women than men, [36] [37] [38] [39] especially among adults in middle age and in the elderly. [39] [40] The relatively high prevalence of hypothyroidism in elderly women from our study population furthermore accords with recent studies suggesting an association between thyroid disease and the several of the traits for the metabolic syndrome. [41] [42] [43] [44] [45] [46] This association in older adults may be ascribed to the pathophysiology of thyroid hormone functions on lipid and glucose metabolism, and blood pressure. It has also been suggested that abnormalities in thyroid function may be secondary to weight excess. [47] [48] [49] [50] These functions are beyond the scope of this manuscript. It is, however, conceivable that women from our study population showed a higher likeliness for hypothyroidism compared with their male counterparts. Evidence in support of this includes the data from the 2012 SANHANES-1 demonstrating that 64% of women in contrast to 31% of men older than 15 years in South Africa are either overweight or obese. 4 One in ten South African males furthermore had a waist circumference equal to or larger than 102 cm, while more than half of females had a waist circumference equal to/or larger than 88 cm. In addition, the overall prevalence of familial hypercholesterolemia in South Africa was estimated as high as 1:7 compared with 1:500 worldwide.
51 Almost one out of four participants from the 2012 SANHANES-1 demonstrated an abnormally high serum total-, and LDL-cholesterol, and one out of two had abnormally low HDL-cholesterol. This prevalence of abnormal serum total-and LDL-cholesterol was higher among females than males. 4 Females partaking in the SANHANES-1 furthermore had significantly higher self-reported high blood pressure and high blood sugar rates than males. Overall, one out five participants older than 45 years of age had hypertension. Another one out of five participants had impaired glucose homeostasis, whereas one out of ten participants had diabetes. Both impaired glucose homeostasis and diabetes prevalence increased with age, reaching a peak in the groups aged 45-54 years and 55-64 years. 4 Our results furthermore showed that being female accorded a protective effect against prevalent cardiovascular conditions (cardiac failure, cardiomyopathy, coronary artery disease and dysrhythmias). In combination with hypothyroidism, however, this advantage was reversed, and the odds strongly increased. The metabolic syndrome represents a major risk factor for the development of CVD.
18,52-53 The magnitude of this increased risk burden varies according to which components of the syndrome are present, 53 as well as to the number of components present. 54 The contribution of several metabolic disorders to the metabolic syndrome is different in men and women. 55, 56 These gender differences may contribute towards gender differences in CVD. [57] [58] [59] Hypothyroidism per se represents a risk factor for the development of cardiovascular disease. [60] [61] [62] [63] Because both metabolic syndrome and hypothyroidism are independent risk factors for cardiovascular disease, it is possible that patients suffering from both these disease entities may have a compounded risk. It is therefore possible that patients from our study population with at least three of the metabolic syndrome traits (i.e. concomitant hypertension, diabetes and dyslipidaemia) with / and hypothyroidism showed a higher likeliness for cardiovascular disease. It should be noted, however, that potential effect modification and confounding were outside the scope of the current descriptive analyses, and therefore not considered in this paper.
Strengths and limitations
The study population comprised of patients from the South African private health sector, registered as beneficiaries of several medical schemes. This limits the external validity of the study in that results cannot be generalised to the total South African population. Furthermore, the presence of confounding variables on the database, such as severity of illness, smoking status, patients' socio-economic status, ethnicity, family history of illness, and alcohol use, medical scheme the patient belonged to, and plan type/option was not recorded on research database and hence, could not be controlled for. The database, however, did contain pharmaceutical claims data for a total of 974,497 patients at baseline, thereby increasing the power and accuracy for sub-group analyses. Furthermore, there was no missing data fields in the data set. Data quality was ascertained by several automated validation processes that were applied in-house by the PBM, such as data integrity validation and eligibility services, utilization management services, clinical management services and pricing management along with real-time benefit management.
To increase the validity of the diagnoses and to avoid counting transitory or accidental diagnoses, we counted only PMB CDL conditions if they were coded in association with claims paid from a patient's PMB benefits. The PMBs were developed to ensure that all medical scheme members have access to certain minimum health services, regardless of the benefit option they have selected. 14, 15 There is certainly always the probability that some patients' data may not been have recorded on the claims database for reimbursement because of prescribers following a different treatment regimen than that published in the algorithms, resulting in patients paying out-of-pocket for expenses for medication associated with the treatment of the PMB CDLs. This may lead to under ascertainment in the prevalence of PMB CDL conditions in these patients. We, however, assumed that this would be only a small percentage of patients because medical schemes are obliged to cover the costs related to the diagnosis, treatment and on-going care of the PMB CDL conditions, irrespective of the patients' medical plan or option.
Conclusion
The findings of this large cross-sectional study revealed strong associations of several of the Prescribed Minimum Benefit Chronic Disease List conditions among patients with concomitant hypertension, diabetes and dyslipidaemia, indicating gender as determining factor for these types of conditions. Concomitant hypertension, diabetes and dyslipidaemia indicating gender as determining factor for these types of conditions. This is, to our knowledge, the first time that these associations were assessed using claims data in South Africa. We were furthermore able to support clinically derived knowledge by using medicine claims data, with the recognition of hypothyroidism as an important discriminating factor for co-morbidity in women with concomitant hypertension, diabetes and dyslipidaemia in particular with cardiovascular disease. Longitudinal research is clearly needed to reveal the timeline for the development of this condition and its causal inferences with the defining risk factors specific to the metabolic syndrome. This will enable health care practitioners to exercise pro-active care. By being pro-active in the management of patients with multiple co-morbidities, disease burden and potential health care costs can be limited.
Control of health care expenditure in the next decade will be one of the major challenges facing the South African economy with escalating costs identified as a key threat to future reforms in the South African health care industry. 64, 65 With the current lack of electronically captured resource utilization data in the public sector, data collected from the private sector can be used to generate forecasts with well-characterized accuracies about the future or diagnoses about states of a patient that cannot be inspected directly. 66, 67 Considering that the PMB CDL includes chronic conditions for which medical schemes are compelled to provide benefits and full management payment with no co-payments, 14, 15 such data is fundamental to planning and decision-making in South African health departments, especially when planning the implementation of a National Health Insurance System as is currently mooted by government.
